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Abstract 



Motivated by the KKLT string compactification involving a supersymmetry-breaking uplifting 
■ potential, we examine 4D effective supergravity with a generic form of uplifting potential, focusing 

on the possibility that the resulting mixed modulus-anomaly mediated soft terms realize the little 
^ ' hierarchy between the Higgs boson masses mn and the sparticle masses msusY- It is noted that 

a^ : 

CN ■ for some type of uplifting potential, the anomaly-mediated contribution to m'j^ at Mqut can cancel 

O ; 

^0 . the subsequent renormalization group evolution of down to TeV scale, thereby the model can 



naturally realize the little hierarchy m^ ~ ''^'su SY / ^'^'^ which is desirable for the lightest Higgs 
boson mass to satisfy the experimental bound. In such models, the other Higgs mass parameters ^ 
^ . and B can have the desirable size /x ~ S ~ without severe fine-tuning of parameters, although 

r~| , the gravitino is much heavier than the Higgs boson. Those models for the little hierarchy avoid 

^ naturally the dangerous SUSY flavor and CP violations, and predict nearly degenerate low energy 

j_j ■ gaugino masses, pure Higgsino LSP, and also a specific relation between the stop and gaugino 

masses. 
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Low-energy supersymmetry (SUSY) is one of primary candidates for physics beyond the 
standard model (SM) above the weak scale [if. One of the most important motivations for 
supersymmetric extension of the SM is to solve the hierarchy problem between the weak 
scale and GUT/Planck scale, The minimal supersymmetric extension of the standard model 
is important from the viewpoint of its minimality as well as the realization of gauge coupling 
unification at Mqut ~ 2 x 10^^ GeV. However, the minimal supersymmetric standard model 
MSSM) seems to face a fine-tuning problem, the so-called little SUSY hierarchy problem 



The little SUSY hierarchy problem is caused by the combination of the following aspects 
of the MSSM. First of all, the experimental bound of the CP-even Higgs boson mass m/jO 
requires a rather large stop mass, > 500 GeV, to enhance the radiative correction to m\o 
due to the top-stop mass splitting j3|. On the other hand, the soft SUSY breaking scalar 
mass of the up-sector Higgs field has a renormalization group (RG) evolution due to 
mi: 

'\ A 

a2 22i 

Amrr ~ — — 7%m,-ln — , (1) 

where yt is the top Yukawa coupling and A is the cut-off scale. This RG evolution effect 
indicates that at TeV scale is generically close to m| for A ~ 10^^ GeV. Finally the 

minimization condition of the Higgs potential in the MSSM leads to 

(2) 

for a moderate and large value of tan/5. (This approximation is valid even for tan/3 ~ 3 
when \Tn'\jJ\ ~ |^«^^|.) Then for m?^^ ~ m? > (9(500^) GeV^, one should fine-tune /i^ in 
order to derive the weak scale, and the required degree of fine-tuning is (9(1%) or more 
severe. That is the little hierarchy problem. 

Recently, several types of scenarios extending the MSSM jj]- [3] have been proposed to 
solve the little hierarchy problem. From a simple bottom- up viewpoint, a favored pattern 
of mass parameters would be 



^1 ~ /i^ ~ = C(1002) GeV^, (3) 



,2 ^ |_2 I ,.2 



at low energy scale. Then the key-point to solve the little hierarchy problem is to achieve 
© with canceling the large radiative correction (Q). One scenario based on superconformal 
dynamics has been proposed in which the superconformal dynamics cancels the large 



logarithmically divergent corrections, while leaving only small finite corrections. Here we 
propose another scenario based on the particular feature of the mixed modulus-anomaly 
mediated SUSY breaking scenario which might be realized in KKLT-type string compacti- 
fication with SUSY-breaking anti-brane jl^-jisj]. 

Superstring theory is a promising candidate for unified theory including gravity. How- 
ever, compactified string theory in general includes moduli fields which have a fiat potential 
perturbatively. How to stabilize those moduli has been one of the most outstanding is- 
sues in string phenomenology. Recently, KKLT has proposed a new scenario to stabilize 
moduli and break SUSY in type IIB string compactification Q|. All complex structure 
moduli and the IIB dilaton are stabilized by the effects of 3-form fluxes. On top of that, 
the remaining Kahler moduli are stabilized through non-perturbative dynamics at SUSY 
AdS vacuum, and flnally the vacuum is lifted to a dS (or Minkowski) vacuum by uplifting 
potential induced by anti-D3 brane. Soft SUSY breaking terms in such scenario has been 

n 

studied in Ref. [l^, and it has been shown that a quite new pattern of soft terms arises. 
In KKLT scenario, Kahler moduli F-terms are of the order of m3/2/47r^, thereby the mod- 
uli F-terms and anomaly mediation contribute comparably to the resultant soft 
masses msusY ~ ""^3/2/471^. Under a reasonable condition, anomaly mediated contributions 
at Mgut cancel the subsequent RG evolution of soft parameters between Mqut and a mirage 
messenger scale A^ ~ (1/13/2/ Mpi)°'^'^Mgut where a is a parameter of order unity which is 
determined by the moduli-dependence of uplifting potential [l^J^ee also Refs. [3, for 
other phenomenological aspects.) In the original KKLT model [IJ], the uplifting potential 
from anti-D3 brane gives a = 1 However different forms of uplifting potential might 
be possible in other type of string compactiflcations, yielding different value of a. As we 
will discuss in this paper, the cancellation of RG evolution in the mixed modulus-anomaly 
mediation can have an interesting implication for the little hierarchy problem, particularly 
for certain form of uplifting potential yielding a = 2. 

In this paper, we examine the possibility of realizing the little hierarchy ~ "^Ic/sy/S^^ 
in the framework of 4D effective supergravity (SUGRA) with a general form of uplifting 
potential. We discuss also the Higgs mass parameters fi and B in such effective SUGRA. 
Generically for the MSSM embedded in KKLT-motivated SUGRA, the resulting B is of 
the order of ^3/2 ~ An^msusY, thus too large to allow the correct electroweak symmetry 
breaking. However the models with a = 2 allow B to be comparable to without severe 
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fine-tuning of parameters, as well as being able to lead to the natural cancellation of RG 
mixing between m'jj and rrigjjgY- Moreover, those models for the little hierarchy avoid 
naturally the dangerous SUSY flavor and CP violations, and provide highly distinctive low 
energy predictions. 

Although it appears to break SUSY explicitly, uplifting potential induced by anti-brane 
can be accommodated in 4D SUGRA in a consistent manner through a spurion operator (or 
more generally through a non-linear Goldstino superfield) in = 1 superspace The 
effective action of such 4D SUGRA can be written as 



S,s = J d^x^ J d^eCC*[ - 3 exp(-ir/3) ) - c^c^*e^e^VMt 



+ 



j d^e (^faW'^'w^ + c^w^ + h.c.j 



(4) 



where W, and fa denote the Kahler potential, superpotential and gauge kinetic functions 
of the standard A^ = 1 4D SUGRA, while Vuft stands for the spurion operator providing 
the uplifting potential. Here we are using the superconformal formulation of 4D SUGRA 
with chiral compensator superfield C, and g^^ is the 4D metric in superconformal frame 
which is related to the Einstein frame metric gj^^ as gj^^^ = {CC*)^^e^f^g^^. Note that one 
needs an off-shell formulation of A^ = 1 SUGRA in order to describe the coupling between 
the standard A^ = 1 SUGRA sector and the SUSY-breaking anti-brane which is presumed 
to generate the uplifting potential (or more generally a sector in which A^ = 1 SUSY is 
non- linearly realized). For simplicity, we choose the superconformal gauge in which both 
the fermionic component of C and the scalar auxiliary component of SUGRA multiplet 
are vanishing, and then ignore the dependence of SUGRA multiplets other than the metric 
dependence. There still remains a residual super Weyl invariance under 

where r is a complex constant, and the spurion operator should be invariant under this 
super Weyl transformation to keep the consistency of superconformal formulation. 

Let T denote a modulus superfield whose VEV determines the unified gauge coupling at 
Mgut, i-e. 

fa = T, (6) 

for the gauge kinetic functions of the SM gauge fields, and assume that T is the only light 
modulus which participates significantly in SUSY-breaking. We further assume that the 



theory possesses an approximate nonlinear PQ symmetry 

U{1)t '■ T ^ T + iPx {Pt = real constant), (7) 

which is broken by nonperturbative dynamics stabilizing T. Then the Kahler potential, 
superpotential and the spurion operator can be written as 

K = Ko{T + T*) + Zi{T + T*)^*^i, 
W = Wo(T) + ^A,,fc$,$,$fc, 
Piift = Piift(T + T*), (8) 

where Xijk are T-independent constants and the T-dependence of Wq arises from non- 
perturbative dynamics. In the original KKLT model realized in type IIB string theory, 
T corresponds to a Kahler modulus which represents the volume of a 4-cycle wrapped by 
D7 branes containing the SM gauge fields. Throughout this paper, we will focus on the 
KKLT-form of the modulus superpotential: 

Wo = Wo- Ae-"^, (9) 

where Wq is a (flux-induced) constant and Ae~°''^ is generated by non-perturbative dynamics 
such as stringy instanton and/or field theoretic gaugino condensation. We assume that wo = 
0{m^/2Mg^) is small enough to give low energy SUSY, while A = 0{Mg^) or O^Mqjjj) for the 
string or GUT scale which is rather close to Mpi. Note that using the U{1)r transformation: 
C e'l^^C, W e'^'f^f^W together with the non-linear PQ transformation (|7j), one can 
always make wo and A to be real parameters. 

It is obvious that the spurion operator in (@)) does not affect the standard on-shell relations 
for the SUSY breaking auxiliary components (in the Einstein frame): 

^ = ^-dTKoF"" + ml,,, 

= _e^o/2 ^d^dT*Ko)-' {DtWoT , (10) 

where C = Cq + O'^F^, = e^^^'^Wo and DtWo = OtWo + WoOtKo- On the other hand, 
the modulus potential is modified to include the uplifting term: 

Vo = Vp + Viift 

= ({dTdT*Ko)-' DrWoiDTWoT - 3\Wo\') + e''''>/^Vnit{T, T*), (11) 
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where Vp is the standard F-term potential in = 1 SUGRA. It is then straightforward to 
compute F'^ and F'^ by minimizing the above modulus potential under the fine tuning for 
(Vo) = 0. We then find the following relations between the VEVs: 



aT 

y»3/2 

Mn 



l + C(e)J ln(M„/m3/2), 
(T + T*)dTKo " 



Sdr ln(\/iift 
2 drKo 



dTKo + 



d^Ko 3d^KodTHVm) 



dxKo 

l + 0{e) ln(M„/m3/2) 



3 dr \n{Vii{t 

where e = 1/ ln{A/wo) ~ 1/ ln(Mp;/m3/2) is used as a small expansion parameter and 

F^ 

Mo 



(12) 



(13) 



(T + T*)' 

Note that e ~ I/Att"^ for 1713/2 in TeV range. Generically c^T-ft'o/f^T In(Viift) is of order unity, 
and thus the above result indicates m3/2/Mo = 0{ln{Mpi/ 771^/2)) = 0(l/47r^) independently 
of the detailed forms of Kq and V^ift. As a result, if the modulus which determines the unified 
gauge coupling is stabilized by the KKLT-type superpotential © and the vacuum is lifted 
to a dS (Minkowski) state by a SUSY-breaking spurion operator, it is a generic consequence 
of the model that the anomaly-mediated soft masses ~ m3/2/47r^ [17j^ are comparable to the 
modulus-mediated soft masses ~ Mq. 

The soft terms in the above type of effective SUGRA have been studied in For the 
soft terms of canonically normalized visible fields: 



C 



1 



soft 



- 7Aijfc?/ijfc0i0j0fe + h.c. 



(14) 



where A'^ are gauginos, 0, are sfermions, and = Ajj^/ ^^e'^'^ZiZ^Z]. denote the canonically 
normalized Yukawa couplings, one finds the following mixed modulus-anomaly mediated soft 
parameters at energy scale just below the unification scale [l^: 



A. 



Ma = Mq + -^9guT^3/2 
1 



ijk 
2 



A. 



m: 



ijk 



mf - 



167r2 
1 



(7i + 7i + 7fc)'^3/2, 



dli 2 
327r2ciln/x'"3/2 



1 



Vijk 



C2{%)Mo)m3, 



2, 



(15) 
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where Aijk and mf are the pure modulus-mediated trihnear A-parameters and soft scalar 



masses at Mqut'- 



A. 



ijk 



™2 



{ai + aj + ak)Mo 



m7 = -{Vp + Vi^t) 



C^\Mo\^, 



(16) 



for 



(T + r*)5Tln(e-^o/3^,), 
-(T + T^fdrdT* ln(e-^«/^ZO 



(17) 



and C2($i)l = J2a9a'^ai^i) ^^e gauge generator T(j($j). Here ba and 7^ are the one- 
loop beta function coefficients and the anomalous dimension of Qi, respectively, defined by 

j9o_ ^ _ba„3 J dAnZi ^ 1 

Note that in the presence of the uplifting potential, the modulus-mediated soft scalar 



mass is given by 



rhf = ^{VF + Vmt) + Ci\Mo\^ 



2 



(18) 



where the terms in the bracket of the second line correspond to the modulus-mediated soft 
scalar mass in the standard = 1 SUGRA without uplifting potential and the last term 
is the contribution from uplifting spurion which can be determined only in the superspace 
(off-shell) description of the uphfting potential such as in (jH). Inclusion of this additional 
contribution is crucial for the correct calculation of soft scalar masses. If not included, fhi 
appears to be of the order of ^3/2 ~ Att'^Mq, while the correct value of rhi is of the order of 
Mo under the condition of vanishing vacuum energy density: (VF + Mift) = 0. In general, any 
source of the vacuum energy density can affect soft scalar mass also, and its contribution 



2l|. 



should be taken into account for the correct evaluation of soft scalar mass 

In fact, at the leading approximation ignoring higher order (stringy) threshold corrections, 
it is expected that Kq, Zi and Vuft take a form: 



-noln(T + T*), 
1 



(T -|- T*)"* ' 
D{T + T*yp, 



(19) 



where no, Ui and np are appropriate ratzona/ numbers, and D is a constant to be adjusted 
for {Vp + V^iift) = 0. For this form of Kq, Zi and Vm, we find 

7713/2 2770 

Q/ = ■ = 

Moln(Mp;/7773/2) 2r7o-3r7p' 
flj = Cj = y - 77i, (20) 

up to small corrections of 0{1/8tt^). In the original KKLT model, no = 3 and the uplifting 
spurion originates from anti-D3 brane for which np = 0, and thus a = 1. As for nj, if $j 
originates from D7-branes, we have n^ = [22]. On the other hand, n^ = 1/2 for the matter 
fields living on the intersections of D7 branes, and n^ = 1 for the matter fields living on 
either the triple intersection of D7 branes or D3 branes Our approach here is not to 
consider a specific string compactification, but to consider generic effective SUGRA models 
described by arbitrary rational numbers nQ,np and n^ which are being of order unity. 

Mixed modulus-anomaly mediation can give a low energy sparticle spectrum which is 
quite different from other scenarios of SUSY breaking. Taking into account 1-loop RG 
evolution, the low energy gaugino masses are given by 



M,(/x) = Mo 



-6aC/„(/i)ln 



(21) 



4^2 -avT^. \{Mpi/m,;,r/^fi^ 
where gaifJ^) are the running gauge couplings at scale fi. The low energy values of Aijk and 
mf generically depend on the associated Yukawa couplings yijk- However if yijk ^ 1/vo 
or the following conditions are satisfied for the i-j-k combination with yijk ^ I/VStt 



2 



2. 



^^2 I ^2 I ^2 

= 1, (22) 



their low energy values are given by 

Aijkifi) = Aijk + ;^(7i(^) + 7j(/^) + 7fc(/^)) In ^^^^ 



Mgut \ 



,M/ ( \ ^ dj.ifi) ( Mgut \ \ . ( Mgut \ 
+ 4vr2 f ^^^^ 2 dln/i \{Mp,/m,/,Yl^^^) T [{Mp,/m,/,r/^f,) ' ^''^ 

where 7j(/i) denote the running anomalous dimensions at fi and Yi is the f/(l)y hypercharge 

of 

The results of ()21|) and ()23p show an interesting feature: when J2i ^f^i = and the con- 
dition (|^^ is satisfied, the low energy soft masses in the mixed modulus-anomaly mediation 
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with messenger scale Mqut are same as the low energy soft masses in the pure modulus- 
mediation started from the mirage messenger scale ~ {m3/2/Mpi)"^'^MGUT- This feature 
can have an interesting implication for the little hierarchy between the Higgs masses and 
the other superparticle masses in the MSSM. To see this, let us consider a class of models 
with no, Ui and np satisfying 



no no 
np = y, riH^ = n^, = y, 

^n.Fi = 0, no - nn^ - ng^ - nu-, = 1, (24) 



for which 



" = 2, rhjj^ = m]j^ = 0, ^ m^Yi = 0, 



Mo M2 ' ^ ' 

where At = Ah^q^Us Qs ^3 denoting the top-doublet and the top-singlet. Note that 
under the assumption that r;,o,nj and np are rational numbers, the conditions of ()24|1 are 
not a parameter fine-tuning, but correspond to a restriction to the specific class of models. 
For these models, the low energy expressions (pT|l and are applicable. (As we will see. 



such models have a low tan/5 ^ 5, for which the b and r Yukawa couplings yb^r ~ I/VSti^.] 
Then one easily finds that the model predicts 

Ma{Am) = Mo[l + 0(l/87r2)], At{Am) = Mo[l + 0(l/87r^ 
m?JAJ+m?JAJ = [l + ^(l/STr^)] , m^^JAJ = OiM^/Sn^), (26) 

where A^ ~ Mgut''^^/2/Mpi ~ 1 TeV, thus realizes the Higgs-stop little hierarchy m'jj/mf = 
0{1/8tt^) in a natural manner. 

Unfortunately, the precise low energy values of nrjj^ ^ are sensitive to the unknown thresh- 
old corrections of 0(Mo/87r^) at Mqut (or at Mst) as well as the higher loop RG effects 
below Mgut and the SUSY threshold corrections at TeV scale. It is still conceivable that 
n^l^Hu negative at the weak scale. For instance, m|^^ at the weak scale might be dominated 

o 2 

by the radiative corrections below A^, ~ — 4^^^! lii(Am/'n2j), if A^ is somewhat 

bigger than m^. Then m'jj^/mf at the weak scale would be negative and bigger than l/Svr^ 
by a factor of few. Although not essential, one might choose also nQ3 = n^/g for which 
m?^(Am) ~ m?^(Am) — Mq/2 and thus the radiative correction to m^o becomes maximal. 



In the above model, the httle hierarchy m'jj/m'^ = 0(l/87r^) could be obtained since the 
RG evolution of m'jj between Mqut and ~ 1 TeV is canceled by the anomaly-mediated 
contribution at Mqut- All conditions in ()25|1 are necessary for the little hierarchy = 
(9(m?/87r^) to be achieved through such cancellation. We stress that the cancellation of RG 
evolution and the associated low energy predictions ()2fj|l are the inevitable consequences 
of any SUSY breaking scenario yielding the soft terms of the form ()15|) satisfying ()25p. 
which could be naturally realized in KKLT-motivated effective SUGRA. Note that while 
the gaugino masses appear to be unified at TeV, the corresponding gauge couphngs are still 
unified at Mqut ~ 2 x 10^^ GeV. 

In order for the model to be viable, one needs also that the other two Higgs mass param- 
eters and B satisfy the conditions for electroweak symmetry breaking: 

\B^^? > (r«H„ + l/"r)(^L + l/^l')' 

2\Bfi\ < ml^+ml^ + 2\ii\\ (27) 

for the Higgs potential 

Higgs = {ml^ + \^^?)\Hl\^ + {ml^ + \^^?)\H'^^ 

- {B^H^H^, + c.c.) + l{gl + glm^l^ - \H',\r. (28) 

The parameter must be of Olmfj^) = 0{M'^) to avoid the fine-tuning in Eq. Then 
the above electroweak symmetry breaking conditions would require 

/X ~ 5 ~ vfiH^, ~ Mo/Vs^, (29) 

which appears to be difficult to be realized in the mixed modulus- anomaly mediation. In 
fact, B in the mixed modulus-anomaly mediation is generically of the order of m3/2 ~ Att'^Mq, 
which is obviously too large to allow the electroweak symmetry breaking. However for the 
models with np = uq/S yielding a = 2, one can achieve the desired size of fi and B without 
severe fine-tuning. 

To see this, let us assume that the Higgsino mass parameter /i is generated by the same 
non-perturbative dynamics stabilizing T, thus the superpotential contains 

AW = Ae-^-^H^Hd. (30) 
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The resulting and B for the canonically normahzed Higgs doublets renormalized at scales 
just below Mqut are given by 

-aT 



B 



Mr 



i(T + T*) + (T + T*)dT ln(e-2^«/=^Z^„ZH, 



1 



(31) 



where 7^/^ ^ denote the anomalous dimension of the Higgs doublets. One can simply choose 
the free parameter A to take a value yielding /i(Am) ~ niu-, which does not interfere with the 
other parts of the model and is technically natural. On the other hand, B contains F'^/Cq 
and a(T + T*)Mq which are of the order of ^3/2 ~ Att'^Mq, thus too large in general. (Note 
that aT ~ Att'^ in Eq. (fT^ .) However for the models with np = no/3, these two contributions 
of 0(1713/2) cancel to each other, leaving only a piece of 0{Mo). In fact, the precise value of 
B is sensitive to the unknown higher order stringy or loop-threshold corrections to Kq and 
Piift which can be parameterized as 



Ko = -no ln(T + T*) + AKq, 
HVMt/D) = np ln(r + T*) + AQ. 



(32) 



Including the effects of AKq and AQ, we find that the low energy value of B in the models 
of ()24|1 is given by 



E(A, 



a(T + T*)Mo - ^ + C(Mo/87r^ 



Mo 
-Mo 



a(T + T*) 1 - 



39Tln(Vlift) 



a(T + T* 



2no / 1 
3 V87r2 

2nc 



-{T + ^*)5T(3A^] - Ai^o) + ^ 



Mo 



(33) 



no ■ ■ ^ ^3 

for np = no/3 yielding a = 2. Note that the last term of B{Mgut) in cancels the RG 
evolution of B down to ~ MGUTni3/2/Mpi ~ 1 TeV, thereby B{Am) is simply determined 
by a{T + T*)Mq and F^/Cq as in ((22)). Since a{T + T*) ~ Svr^, the part depending on AKq 
and AVL can be important even when AKq and/or AVl are the corrections of (9(l/87r^). 
With a minor tuning of such higher order effects, e.g. a tuning of 10 ~ 20 %, one can obtain 
5 (Am) which is small enough, e.g. 0.2Mo, to satisfy the electroweak symmetry breaking 
condition (fTTj) for ~ mu ~ Mq/ VStt^. 
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As summarized in ()26p. the models of ()24p give strong predictions on the sparticle masses. 
The model predicts approximately universal low energy gaugino masses, Ma(TeV) ~ Mq = 
C(l) TeV, which is the consequence of np = no/3 yielding a = 2, and also the stop 
masses satisfying m?^(TeV) + m?^(TeV) ~ Mq. In view of Eq. (j33p . it is difficult that B 
is significantly smaller than /i ~ rriH^^, thus the resulting tan/? is expected to be less than 
moderate, e.g. tan /5 ^ 5, justifying our assumption z/b^r ~ l/vSvr^. Obviously then the LSP 
of the model is almost Higgsino-like neutralino, and the next LSP is the almost Higgsino-like 
chargino. 

It is quite remarkable that the model discussed above naturally avoids the SUSY fiavor 
and CP problems as well as giving the little hierarchy mfj ~ ttl'^susy/^'^'^- Fhst of all, the 
model is free from dangerous SUSY fiavor violation if rii are chosen to be fiavor- independent, 
which is a rather plausible possibility in view of their stringy origin. As for SUSY CP, it has 
been noticed j3| that the non-linear PQ symmetry (|7j) of the model guarantees that one 
can always choose a field basis in which Mq and 1713/2 are real, and thus Ma and Aijk are 
real also. The result of shows that the invariance of AK and AQ under f/(l)r assures 
that B is real also in the same field basis, thus the model is completely free from dangerous 
SUSY CP violation. 

There is another interesting aspect of the model related to the color and/or charge break- 
ing (CCB) and the unbounded-from-below (UFB) direction in the full scalar potential. De- 
tailed studies on CCB and UFB directions of the MSSM potential have been carried out in 

n 

Ref. 2J. The most serious constraint is obtained by the so-called UFB-3 direction, which 
includes the up-sector Higgs and slepton fields {if^j, z>l-, e^^, e/?^}. The potential along the 
UFB-3 direction becomes unbounded-from-below if Tn'jj^ + m| < at low energy scale. In 
many models, rrijj^ + m| at low-energy scale becomes negative because Am^j^ ~ 

^ m| due to the RG evolution effects from gluino mass. However, for the class of mod- 
els discussed above, one can easily arrange rii to get Ml? and thus m\, + m ? > 

at low energy scale. 

So far, we have been discussing the models leading to m|^^(Am) ~ m|^^(Am,) ~ 
m|f/gy/87r^. One might consider an alternative scenario leading to the different pattern 
of little hierarchy: 

~ STT^m^JA^) ~ ml^sY- (34) 



12 



In order to get such pattern of low energy spectrum, one still needs the last condition of 
as well as np = uh^ = uq/S. Concerned about uh^, we need more conditions: 

no - 1 = + ng.^ + = riHa + ^L^ + ^£3, 

<'^i \ Uh^ - = ^i^i^ (35) 

^ ^ ^ matter 

where the first condition is to satisfy (j22|) for the b and r Yukawa couplings which are not 



neghgible anymore since tan/5 ~ vSvr^ (see the discussion below), the second condition is 
required for m|^^(Am) = 0{Mq), and the last condition is introduced to protect small mj^^ 
from the RG running effect proportional to J^i^jY^i- In such models, B = 0{Mq) would 
satisfy the symmetry breaking condition ()27|) . and the expected ratios of the Higgs mass 
parameters at the weak scale are given by 



The resulting tan /3 is determined by 

tan P fiB 



2 , ^2 , o,..-^(^h (37) 



l + tan^/3 rnj^^ + mj^^+2fi^ 



yielding a moderately large tan/? = (9(v8vr^)- The above models for the mass pattern ()34|1 
appear to be less attractive than the models of (f^^ yielding mfj^ ~ m|^^ ~ Mq / Stt^ as they 
require more conditions on rii. 

To summarize, we pointed out that the little hierarchy m'jj ~ ^'susy/^'^'^ which is desir- 
able for the lightest MSSM higgs boson to satisfy the experimental bound can be naturally 
realized in 4D effective SUGRA models with certain class of uplifting potential. Such spec- 
trum is realized by the cancellation between the anomaly mediated soft terms at Mqut 
and the subsequent RG evolution down to the TeV scale. Under a reasonable condition, 
the model can give rise to and B satisfying the electroweak symmetry breaking condition 
without severe fine-tuning. Furthermore, the model naturally avoids dangerous SUSY flavor 
and CP violations, and also is favorable from the viewpoint of CCB and UFB constraints. 

The model predicts a unique low-energy spectrum. The three MSSM gaugino masses Ma 
(a = 1,2,3) are almost universal at low energy scale, Ma(TeV) ~ Mq = 0{1) TeV, and the 
stop masses satisfy the sum rule m|^(TeV) + m|^(TeV) ^ Mq. The LSP is the Higgsino- 
like neutralino with a mass of (9(100) GeV, the next LSP is the Higgsino-like chargino, 
and their masses are nearly degenerate. The gravitino mass 1713/2 ~ 47r^Mo ~ (9(30) TeV 
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and the modulus mass mr ~ 87r^m3/2 = O(IO^) TeV, thus can avoid the cosmological 
gravitino/moduh problem [l9|. It would be quite interesting to study more phenomenological 
aspects of our model as well as the cosmological aspects 25[. 
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